Abstract-In general, the resonant inductive wireless power transfer is superior in power efficiency consequently provides longer transfer range over inductive or capacitive wireless power transfer. For that reason, the theoretical analysis and simulation results of the series-to-series wireless power transfer topology were discussed in this paper. The study is conducted to analyze the effect of the coupling coefficient (k) of the coupling coils to the resonant frequency and input impedance of the transmitting circuit. The analysis is conducted by analyzing the equivalent circuit model by using circuit theory. The equivalent circuit model is developed by using the T-equivalent circuit. Further, the result is validated with the circuit simulation using the ISIS Proteus simulation package. The results of the analysis used in developing the highly efficient series-to-series wireless power transfer.
I. INTRODUCTION
The wireless power transfer (WPT) via magnetically coupled circuit has gained a popularity for a number of applications which require wireless connection or termination such in medical devices, instrumentation systems, solar energy power transfer etc [1,2,3,4&5] . In such of applications, the power transfer to the load loosely is transferred via the couple coils, transmitting and receiving coils. As the power transfer is through the coupling coils, the power transfer capability of the WPT is merely depending on the mutual inductance between the transmitting coil and the receiving coils. At a time, many works have been conducted to enhance the power transfer capability of the WPT, resulting in the inclusion of many compensation techniques which theoretically and practically enhance the power transfer capability. This include capacitor compensation to obtain the resonance frequency [2] which is the most popular technique among the others.
Currently, the trends in wireless power transfer research are towards the distance coverage and power efficiency of the WPT system developed [3] . The lower efficiency, highly sensitive to coil alignment and short transfer distance is some of the limitations of the existing WPT [4] . Therefore, the novel design, novel topologies, novel methods and new materials as well new compensation technique were required in WPT In the early days of WPT, the researchers have been using the capacitive coupling as the main method for wireless power transfer [5, 11] . But due to the capacitive coupling method is more sensitive and complex for wireless power harvesting system the researchers started to rely on the inductive coupling method [6] . It is reported that almost all of the newly WPT technologies have been using inductive coupling as the main approach in their design. The selection of inductive coupling for wireless power transfer is due to the nature of comfortable implementation [8] . On the other hand, the inductive coupling provides only better transfer efficiency at very short distances and degrades by distance increased so that it can able to perform well and safely for certain meters [7 &8 ].
It is reported that the power transfer efficiency and transfer distance can be improved by adopting the resonance principle based inductively coupled coils in the system [8] . In [9,12,13&14] , it is proved that the magnetic resonant coupling WPT system is able to transmit power in longer distances compared to the inductive coupling WPT systems. In [x], we have discussed the inductive resonant WPT in details. Therefore, the series-to-series inductive resonant WPT system is have been selected as the backbone of the wireless power in this study. The series-to-series topology is selected due to its simple implementation.
II. THEORETICAL BACKGROUND

A. The analysis of series-to-series WPT Topology
The conversion of the magnetically coupled circuit to the T-equivalent circuit is discussed in [3] . In this paper, the conversion is lightly reviewed to give an insight idea of the theoretical analysis of the series-to-series WPT topology. The input and output terminal voltages of Fig. 1 can be written as
By using equation (1) and (2), the circuit representing the magnetically coupled circuit in Fig. 1 can be represented in the T-equivalent circuit as shown in Fig. 2 . In general, the T-equivalent circuit model provides the way to further analyze the WPT topologies, and it is used extensively in this study.
B. Input impedance and power efficiency of series-to-series WPT Topology
The T-equivalent circuit of the series to series-to-series WPT topology can be formed by adding the voltage source and capacitor (C1) at the front and the load resistance and capacitor (C2) at the end of the general T-equivalent circuit as in Fig. 2 . This produces the T-equivalent circuit of the series-to-series WPT topology as shown in Fig. 3 . The input and output relationship of the series-to-series WPT circuit as shown in Fig. 3 above can be written in Matrix form as shown in (3).
By letting
z , equation (3) can be simplified to 11 1
Further, by using the Cramer's rules, the input current 1 I , and output current 2 I can be deduced to 
While the power efficiency can be written as
That's giving the power efficiency of series-to-series WPT to ( )
C. The resonant frequency of the series-to-series WPT topology
Knowing that at resonance, the imaginary part in Equation (9) ceases to 0. Thus, the imaginary parts of as shown equal to 0 in Equation (10) ( )
By multiplying all terms in equation (10) by 2  2  2  2  1  2  1  2  1  1  2  2  2  1   2  2  3  2  2  2  2  2  1  12  1  2  2 1 1 2
By multiplying the equation (11) 
Equation (12) can be written in Matrix form as in Equation (13) [ ]
By using the MATLAB simulation package, Equation (13) gives the resonant frequency of the series-to-series WPT topology can be worked out for a given value of C, L, and M.
D. The circuit simulation by ISIS Proteus
The circuit as shown in Fig. 4 is developed to simulate the series-to-series WPT circuit. The simulation circuit is driven by the half-bridge dcto-ac converter. While the switching is handled by the microcontroller via the MOSFET driver. The switching scheme is shown in Fig. 6 . The dead band which is marked with a red dotted line is introduced in between the two switching states in order to protect short circuit condition which harms the MOSFET. 
III. RESULTS
The power transfer against the coupling coefficient (k) plot of series-to-series topology is shown in Fig. 7 . As expected, the power transfer efficiency is increased by the by increasing the coupling coefficient (k). In addition, the frequency at which the maximum power transfer is achieved, increased by the coupling coefficient (k). The ISIS Proteus circuit simulation is conducted, the simulation is conducted for 3 different operating frequencies which is 1 decade below and above resonant frequency; and at the resonant frequency. The plot with a similar scale was copied in Fig. 8, Fig. 9 and Fig. 10 . As expected, the output is maximum at the resonant frequency and decreases toward zero as the frequency is away from the resonant frequency. By analyzing Fig. 8 to Fig. 10 , the output voltage drops by half per decade. This recommends that the inductor and capacitors formed by the transmitting circuit have introduced 6 dB/dec reduction of power transfer out of the resonant frequency.
The input impedance of the S-to-S WPT is increasing in piecewise like with coupling coefficient is shown in Figure  11 . The input impedance is minimum (almost 0), at k equal to 0 and the input impedance is maximum (around 120), at k equal to 1. This relationship can be further exploited to dynamically control the resonant frequency of the series-to-series WPT topology.
IV. CONCLUSION
In order to achieve the objective of this paper which is to study the power transfer performance against the operating frequency of the series-to-series WPT topology, the theoretical model is developed by using the T-equivalent circuit theory. By using the MATLAB ® simulation package, the developed model is simulated. The simulation is conducted by locating the resonant frequency for each value of giving coupling coefficient. From the analysis conducted, it is shown that the maximum power transfer of each giving coupling coefficient (k) occurred at a different frequency. This concluded that the maximum power transfer of different coupling coefficient occurred at different so call resonant frequency. The validity of the circuit theory analysis is achieved by conducting the circuit simulation. The circuit simulation using the ISIS Proteus result in the similar outcomes.
The circuit simulation is conducted in 3 different frequencies, which are a decade below the resonant frequency, at the resonant frequency and a decade above the resonant frequency. It is proving that, through the circuit simulation, the power transferred is maximum at the resonant frequency. At the other frequency, the power rolls off by 10 dB/dec. Therefore, in order to maximize the power transfer of the series-to-series WPT, the operating frequency must be at the resonant frequency of the giving coupling coefficient.
The input impedance is calculated for each giving of coupling coefficient to analyze the relationship of the input impedance of the transmitting circuit to the coupling coefficient. Through the result presented earlier, the input impedance is found to increase by increasing the coupling coefficient. The plot is increasing piecewise like suggesting intelligently possible used for tracking the maximum power transfer.
The printed circuit board of the microprocessor-based series-to-series WPT circuit is developed and shown in Fig.  12 . The circuit is developed for further analysis of the seriesto-series WPT. 
